





foundry Trade Journal, August 9, 1945 






















\ | | Established 1902 

: __ TRADE JOURNAL 

a WITH WHICH IS INCORPORATED THE IRON AND STEEL TRADES JOURNAL | 
“Vol, 76 Thursday, August 9, 1945 No. 1512. 








Teaching Industrial Metallurgy 


Perhaps our contacts with the higher spheres of 
education have been limited, but a general mental 
picture has been acquired that Universities, because 
of their exalted position, could forgo publicity, 
especially if it tended towards modernity. A 
parent writing for details of a course usually 
received the University almanac, or a_ section 
thereof, and perhaps some pamphlet amplifying the 
work of some department. Now we must change 
our views, as the Metallurgical Department of the 
University of Birmingham has metamorphosed all 
this. It has produced a 16-page brochure, -the 
cardboard covers of which are carried out in 
a shade of pale bluish-grey. No better tint could 
have been chosen to set off to advantage the red, 
blue, gold and black of the coat-of-arms of the 
University set in a slightly depressed medallion. 
The art of publicity is further exemplified by a 
facsimile reproduction of a portion of a letter 
written by Andrew Carnegie to Joseph Chamberlain 
in 1899. This letter quotes a speech made by a 
British ironmaster, in which the speaker expressed 
himself of being free from envy of the unrivalled 
taw materials and excellent plant available to the 
American steelmaker, but he was jealous of the 
high-grade young scientists then controlling the 
various departments. ; 

Thus the ground is prepared to unfold an 
excellent scheme for the training of metallurgists. 
First, the background is stressed—nearly 60 years 
of accumulated experience in the teaching of the 
subject; the wealth of the researches, but strangely 
enough no reference to the high attainments of its 
past students. Then the nature of the course is 
detailed. It is to be of four years’ duration—or 
three if the student has attained an adequate 
Standard in the Higher School Certificate Examina- 
ion. Presuming this to be the case, the first year 
is to be devoted to chemistry, physics and mathe- 
Matics; the second to theoretical metallurgy, based 
on modern concepts, wherein no distinction 
between ferrous and non-ferrous will be recognised. 
During both these years, the students will be 
trained in machine drawing; the principles of 
mechanical and electrical engineering, and in busi- 





ness principles. The third year has been most 
carefully considered, and it is here that the phrase 
“Industrial Metallurgy” is introduced. It 
differentiates from theoretical and physical metal- 
lurgy normally taught. The object is that by the 
time he reaches his third year, the undergraduate 
should have made up his mind as to whether his 
future lies in industry or the ever-growing field of 
scientific research. Thus he will be called upon to 
select from five fields his future course of study. 
These are so chosen that if three be taken neither 
abstruse theory nor bread-and-butter works practice 
can be entirely neglected. 

After this the brochure tells industry in no un- 
certain terms that if this course is what they have 
been seeking—and it is apparent that the indus- 
trialists have co-operated in its construction—then 
they must pay the piper. The tune is to cost some- 
thing of the order of a quarter of a million pounds, 
but if it will—as we feel sure it will—place the 
metallurgical industries of Great Britain pre- 
eminent in the world of technology, then it is cheap 
at the price. A 





THE BULLETIN of the British Cast Iron Research 
Association is now to be published bi-monthly. The 
first issue of Vol. 8, just received, takes on a new 
form; the new cover is in bistre, with the letters 
picked out in ultramarine. 

DALLow, LAMBERT & CompPaNy, LiMiTED, of Spald- 
ing Street, Leicester, have made some important in- 
stallations of “ Drymat” unit dust collectors used in 
conjunction with polishing and grinding machines. Of 
exceptionally neat appearance—the units resemble a 
two-drawer office cabinet—this equipment certainly 
makes for better shop conditions by the elimination 
of unsightly conduit work. 
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By ‘“ ONLOOKER ” 


Never in the history of the non-ferrous metals has 
there been such a run of price stability as we have 
witnessed since the end of 1939. In the first part of 
that period there were some minor fluctuations in the 
tin quotation, but after Pearl Harbour the price was 
fixed at £275. It was in tin that the first break in the 
price structure came, for on January 1, 1944, there was 
an upward adjustment to £300, due, it was understood 
at the time, to an increase in the figure paid to 
Bolivia for supplies of much needed concentrates. 

No further alteration came until early in June of 
this year, when, without any preliminary intimation 
although rumour had been busy, the Ministry of Supply 
announced an advance of £5 in lead and £5 10s. in 
zinc. Not unnaturally prices of scrap were affected, 
and secondary lead, of which incidentally there is not 
at present very much available, moved up by the same 
amount as virgin metal. The most interesting and 
important changes, however, came in brass scrap quota- 


tions, not all of them being due to the enhanced mixing: 


value of copper and zinc. 
Welcome Change in Official Policy 


For some long time prior to the change in the zinc 
and lead quotations, there had been a definite gap 
between the official scrap prices listed weekly by the 
Ministry of Supply and those ruling on the open 
market. For the most part the Government’s idea of 
value put them out of the running in comparison with 
the merchants and dealers, although a fair tonnage of 
secondary metal was being disposed of by the Control 
to .various manufacturers in different parts of the 
country. 

Early June, however,.when the virgin metal prices 
were raised, saw a marked change in the official policy, 
and one which was very welcome.to the industry. In 
short, it was announced that the official ceiling prices 
for scrap would be withdrawn and the market therefore 
left to find its own valuation. In addition, the Control 
published a list of scrap meta] prices at which it 
would be prepared to sell during the ensuing three 
months, it being understood that these are subject to 
alteration or withdrawal at any time. These prices 
proved to be those ruling before the alteration in lead 
and zinc took effect, but there were some changes, the 
most interesting and noteworthy of which was a mark- 
- omen of the brass swarf figure from £34 10s. to 
£30 10s. 


Encouraging the Use of Scrap 


The action of the Control in either leaving unchanged 
or else reducing their selling prices in the face of a 
substantial increase in the cost of virgin zinc has been 
well received by the trade, and in view of the very 
large tonnage of secondary metal which it is expected 
will be available for disposal during the post-war 
period, it is obviously wise to do everything possible 
to. make the employment of scrap in industry an attrac- 
tive. proposition. The Government is now offering for 
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sale a very considerable tonnage of scrap, and at 
current prices the response has been favourable. 

Both consunters and merchants are buying, for the 
latter do not seem to be averse from holding scrap 
just now, possibly because the price of copper is talked 
to a higher level. Dealers are also in evidence Jook- 
ing out for parcels which must be graded and sorted 
before being passed on to the foundries. This is, of 
course, an important and necessary aspect of the post- 
war scrap problem, for skilled sorting can save the tax- 
payer money by ensuring that the material is used to 
the best possible advantage. 





BOOK REVIEW 


“ Industrial Electric Furnaces and Appliances.” By 
V. Paschkis, D.Sc. Published by Interscience 
Publishers, Inc., 215, Fourth Avenue, New York, 
3, US.A. Price $4.90. 


The Author has set himself the difficult task of 
placing electric-furnace design on a more rational basis 
by eliminating empirical methods. It is the reviewer's 
opinion that he has provided a series of beautiful, well 
illuminated, finger posts, but he has not by any means 
completed his journey. He has restated the under- 
lying principles embellished by a wealth of mathe- 
matics; he has—so far as steel-melting furnaces are 
concerned—studied separately each component— 
health, roof, walls, tilting mechanism, electrodes. doors, 
the chimney effect and water cooling—yet we look in 
vain for concrete advice. For instance, there seems 
to be a plea for smaller doors, and it is something 
of a revelation to learn the serious heat losses brought 
about through constant openings during processing, 
but there is no mention of the desirability for a clear 
view of the whole of the interior of the furnace, or 
the ability to spread siag additions over the entire 
surface of the metal, and to do this reasonably rapidly. 
It must be remembered, however. that this is Vol. I, 
and if a new book shows improved designs and further 
economies in working, based on the detailed studies of 
each component, a very great contribution will have 
been made towards eliminating the handicaps under 
which the electric furnace has to function. 

_ The Author rightly points out that before the current 
is available to the melter, there have been considerable 
energy losses involved between the burning of the 
coal under the boiler and the furnace main switch. 
As the reviewer is a pioneer in the making of electric 
steel, he feels quite satisfied that the earliest designers 
made a very good beginning: Within the first decade 
they were aware of most of the problems of design. 
and much progress has since been made. This book 
has registered most of this progress, and it may well 
serve as a reliable text book for future developments. 


V.C.& 


A SURVEY OF “ war nerve” cases employed by the 








a pee, 


Wright Aeronautical Corporation, of New Jersey, jf 


spread over 10 months, shows that the complaint 's 
of a transient character, and no permanent disability 
is noticeable. 
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INITIAL EXPERIENCE IN 


HYDRAULIC CLEANING IN A 
STEEL FOUNDRY FETTLING SHOP* 


By F. N. LLOYD (Member) 


INTRODUCTORY 


The early attempts in cleaning castings with water 
were concerned primarily with the removal of cores. 
The G.E.C. at Erie, Pa., put in a casting washing 
plant before 1920, and this and similar plants were 
adaptations of hydraulic mining. Water at a pressure 
of 300 to 400 lbs. per sq. in. was discharged from a 
fixed nozzle on a fixed support at the rate of several 
hundred g.p.m. The use of high-pressure water for 
cleaning castings has been in operation in America 
for a matter of ten years, and during this time con- 
siderable experience has been gained, leading up to 
the present-day Hydro-Blast process, employing a 
stream of water and sand at a pressure of 1,200 Ibs. 

So far as the Author knows, there have been no 
serious attempts to operate any wet cleaning process 
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Wartime developments of 
a process widely used in 
America 


castings of a rectangular type, and up to 15 ft. in 
diameter. Most castings:-have a great deal of coring, 
and the accessibility of the cores, from the cleaning 
point of view, is none too good. In fact, keeping the 
fettling department on a level keel with the foundry, 
and preventing stock accumulation, presents quite a 
problem. The sequence of fettling operations, which 
has since been modified by the introduction of the 
Hydro-Blast, was as follows :— 


(1) Rough Dressing.—The castings are rough dressed, 
this term being applied to the removal of surplus sand 
from the outside of the castings, and also removing 
the main bulk of the sand from the cores. This pro- 
cess involves the removal of reinforcing irons and 
grids, often involving the necessity for breaking or 
bending them before they can be removed from the 






















in this country prior to the present war. As a result casting. This operation, prior to the Hydro-Blast in- 

vd w arrangement made between 

neulec, Limited, and the Ameri- 

can Hydro-Blast Corporation in | a FINISHING ' 

1941, a number of plants either pressinc / ine BURNING GRINDING, _ __/_ (STRAIGHTENING | 

have been, or are now being, in- RE ii out ie sear. : 

stalled in this country. To make SAND BLAST RP = ! ' 1 DESPATCH, 

these installations possible, Pneulec \ | WELDING |'GRINDING | ' r ; 
: FROM C3 Renin hie: dlenenennd . teosrcersas as et & ! 

had sent over a technical repre- ee eee Sees ES OS Ieee eee 

sentative to the United States, in [FOUNDRY L_SaJOYENCHING LJ) RE BLAST 

order to acquire the latest experi- HEAT TREATMENT 

ence in the operation of this pro- WEIGHING 

cess in American foundries. A gl pe 8 oF em * 

considerable amount of interest in >——> F UR NACES ————+ ia 

the process appears to exist 

amongst foundrymen in this coun- 

ity, and it is hoped that this Paper, Fic. 1.—D1AGRAM SHOWING HyDRO-BLAST PLANT RELATIVE TO FLOW 


Which deals with the initial ex- 
periences of operating the process 
on the plant with which the writer 
is concerned, will serve to answer some of the queries 
which are probably arising in the minds of those who 
may be considering the pros. and cons. of adopting 
this method of cleaning castings. 


DESCRIPTION OF SHOP 

The following is a short description of the fettling 
shop in which the plant has been installed. The shop 
in question handles castings weighing from 1 cwt. to 
20 tons, the ‘average weight being of the order of 
10 cwts. Castings lighter than 1 cwt. are not handled 
in this shop, as there is a separate light fettling de- 
partment which deals with them. The size of cast- 
ings to be handled varies up to 25 ft. by 12. ft. for 





“ Paper read at the 42nd annual meeting of the Institute of 
per sh Foundrymen held in London on June 15 and 16, 1945. The 
Author is managing director of F. H. Lloyd & Co. Ltd., Wednesbury. 


OF CASTINGS. 


stallation, was done by means of pneumatic chisels 
and other familiar methods, and it is this operation 
which is now done by the Hydro-Blast plant. 

(2) Shot-blasting.—The castings are next placed in a 
shot-blast room, and as much of the adhering sand 
as possible removed: by the shot-blast. : 

(3) Finish Dressing.—The remainder of the sand not 
removed by shot-blasting is then removed by pneu- 
matic chisels, and all surplus metal which is thin 
enough to be cut with a chisel is also removed at this 
stage. Particular care has to be taken in cleanitig 
round the base of the risers, as adhering sand here can 
cause the oxy-acetylene flame used for riser removal 
to be deflected into the casting. It may be mentioned 
in passing here that, assuming the corners of the heads, 
where they join the casting, are properly radiused, 
there is no need for a pneumatic tool operation: to do 
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this, but that, in this case, and in all other cases where 
metal penetration exists, it is not considered an econo- 
mical proposition to attempt to remove it by the 
Hydro-Blast process. i e 

(4) Removal of Risers——This is done by an oxy- 
acetylene cutter. 

(5) Examination for Defects, and Repair Welding 
Where Necessary.—Castings of a design where stresses 


ae CLASSIFIERS 
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and: to make the casting soft and ductile for the pur- 
pose of cutting out defects prior to welding. This 
preliminary annealing operation is found not to be 
necessary on castings under 0.35 per cent. carbon. 


_ (6) Final Annealing.—After welding, the final anneal- 
ing operation is carried out. 


(7) Descaling.—The castings are then descaled, this 
being usually done by shot-blasting. A point to be 
borne in mind, if the Hydro-Blast is used for descal- 
ing castings, is contamination of the sand by scale. 

_ (8) First Inspection.—The cast- 
ings are then carefully examined, 
and any minor surface defects, 
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SLUDGE TANK 









which are apt to show up as a 
result of tthe removal of the 
original skin with the annealing 
scale, are rectified. 

(9) Final Inspection.—Castings 
then have their final examination, 
this time by the works inspection 
department, for freedom from de- 
fects and dimensional accuracy. 


REASONS FOR INSTALLING 

The foregoing outline of the 
fettling operations has been given 
in order to show the part that the 
Hydro-Blast plays in the fettling 
process. 

The decision to instal the 
Hydro-Blast plant was made some 
two years ago, and the following 
were the reasons for it:— 


(1) Capacity.—Considerable ex- 
pansion of capacity had been 
necessitated by wartime demands. 
At the same time, there was diffi- 
culty ir supplying the man-power 
needs for the fettling processes, 
due to the wartime man-power 
shortage, and also the reluctance 
of men to tackle the job. Some 
method of increasing production 
without increase of man-power 
therefore had to be found. 

& (2) Cleanliness.—The disposal 
of sand removed from the castings 
on the dressing shop floor was dif- 





‘ee J 
RE CLAIMED SAND™ 


r — {= S= =e — ficult. There was a sacrifice of 
+t “ room in the dressing shop _be- 


cause of heaps of sand which 
could not be removed as quickly 


Fic. 2.—SipE ELEVATION OF HyYDRO-BLAST PLANT WITH SLUDGE Tank 28 they accumulated. 
REMOVED (ABOVE), AND GENERAL PLAN OF MHyYDRO-BLAST PLANT (3) Dust.—All foundrymen are 


(BELOW). 


are likely to be set up in the welding process, or cast- 
ings of high carbon steel—in excess of 0.35 per cent.— 
are annealed prior to welding. This annealing is 
carried out to relieve internal stresses, which may be 
further accentuated by welding and cause cracking, 


aware of the problem of silicosis, 

and the necessity to do everything 
to minimise the incidence of this in the foundry indus- 
try. The Hydro-Blast process does appear to eliminate 
one of the chief sources of danger, and it has been 
found that no dust whatsoever is created by actual 
cleaning of the castings in the Hydro-Blast room. More- 
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over, the use of water in cleaning the castings helps 
to settle out any dust present in the fettling shop 
atmosphere arising from other causes. Further, the 


Fic. 3—HyYpDRO-BLAST ROOM SHOWING OBSERVATION WINDOWS AND Doors. 


wetting of the castings by Hydro-Blasting helps to 
lessen the dust hazard from the fettling operations 
which are carried out with a pneumatic tool subsequent 
to Hydro-Blasting. 

(4) Economy.—The arguments 
for and against any plant installa- 
tion involve balancing the capital 
and operating costs of the plant 
against the possible savings, and 
the possible ‘savings of the Hydro- 
Blast depend a great deal on the 
type of job which it has to do. It 
will be apparent, from the descrip- 
tion of the sequence of operations 
already given, that there was a 
need for accomplishing a measure 
of cost reduction in the fettling 
process. It is the Author’s opinion 
that the indirect economies of the 
Hydro-Blast plant are actually 
much more tangible than any 
economies which could be con- 
sidered to arise from a considera- 
tion of the difference in cost of 
carrying out preliminary roughing 
operations for the Hydro-Blast 
plant and by pre-existing methods. 
Although the plant has now been 
In Operation. for nine months, it 
Is too early to state what js the 
effect of the Hydro-Blast process 
on the level of costs in the fettling 
department, generally. 
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Much of the difficulty arises here because the level 
of costs has, during this period, been subject to varia- 
tion, for causes apart from the Hydro-Blast, and it is, 

therefore, difficult to measure the 
effect of the Hydro-Blast plant 
directly. It can, however, be stated 
that the Hydro-Blast, when bear- 
ing its full share of capital depre- 
ciation and maintenance. and re- 
pair costs, is capable of at least 
equalling the previous methods 
adopted. It opens the way to 
economies in other directions, by 
virtue of the cleaner conditions for 
the operators. There are also 
economies derived from sand 
reclamation and core iron re- 
covery, and the potential savings 
from sand reclamation are, in suit- 
able circumstances, substantial, 
particularly in these days of high 
transport cost. Details of the 
actual costs of operating the plant 
are given in the concluding section 
of the Paper, 


DESCRIPTION OF PLANT 

Fig. 1 shows the position of the 
Hydro-Blast room in relation to 
the whole fettling-shop layout; and 
Fig. 2 (a) and (b) gives a close-up 
showing a more detailed view of 
the layout of the plant. The plant is_ sited 
close to where the castings are delivered into the 
fettling department from the foundry, as the Hydro- 
Blasting is the initial operation. It is necessdry to 


Fic. 4.—CASTING IN ROOM PARTLY CLEANED. 
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mum dimensions. The top of the room is open, 
apart from the bend-over of the top of the room walls, In | 





provide room to stock the castings prior to Hydro- 
Blasting, as operating conditions do not provide for a 


Fic. 5.—HIGH-PRESSURE, PuMPsS, BLAST SAND 
TANK AND CLASSIFIERS AND TANK. 


uniform flow of castings into the 
fettling department, and the ideal 
of loading the castings directly 
into the Hydro-Blast from the 
foundry could not be accom- 
plished in this installation. 

The following is a description of 
the plant as installed. The size of 
the Hydro-Blast room proper is 
30 ft. x 20 ft., and this is split 
up into two rooms, size 15 ft. x 
20 ft., by means of a swing-aside 


proofed canvas curtain. Two 
operators work simultaneously, 
one in each compartment. There 


are double doors at éach end of 
the room, so that, if necessary, the 
room can accommodate a casting 
within the limits of its maxi- 





to minimise splash. Castings are thus loaded into the sure, 
room directly by the overhead crane. The use of a per si 
wagon is not essential, and no wagon is used in this 150 g. 


particular installation. 

A drawback exists in this particular installation, in 
that the. crane driver cannot see inside the Hydro-Blast 
room, due to headroom limitations, so that the position- 
ing of the castings in the room has to be ee by 
signalling to the crane driver from outside the room. 
Figs. 3 and 4 show respectively the exterior and the 
interior of the cleaning room, showing a large casting 
partly cleaned. 

The question of water supply is important, as the 
quantities of water used are greater than it is normally 
possible to draw from the ordinary main water supply. 
There are two principal sources of water needed, one 
for the high-pressure guns, and the other for the classi- 
fiers, both supplies being susequently utilised in the 
sand and sludge removal tanks. The total water re- 
quirements for the installation under consideration are 
estimated at 83000 galls. per hr. The source of the 
water is a not very clean brook, which runs close to 
the works. 

The water from this brook is passed through a 
water-wheel screen of 60 mesh, and thence pumped 
through filter tanks filled with suitably graded sand and 
gravel, sulphate of alumina being addéd to ‘produce a 
film over the sand bed. This process is found to 
eliminate solid matter sufficienily for use as a general 
works’ supply, for the purpose of cooling furnaces, gas 
producers, etc., and for use with the Hydro-Blast. After 
filtering, the water is chlorinated, so that a slight ex- 
cess of chlorine is present. The water supply for the 
guns is heated by steam to a temperature of 60 deg. F., 
with the object of avoiding discomfort to the operators 


in cold weather. 
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Fic. 6.—Hypro-BLAST PLANT FLow DIAGRAM. 
A—Feed Tank ; B—Booster Pump ; C—Surge Tank; C—Inhibitor Tank; E—High-pressurt desc 
Pump; F—Classifier Pump; G—Blast Sand; H—Catch Basin Pump; J—Vibrating Screel, and 
K—Sand Sump; L—Catch Basin; M—Oversize Skip; N—Sand Pump; P—Sand Transiet 

Tank; Q—Sand Transfer Pump; R—Sand Dewatering Tank; S—Sludge Tank. 
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In order to maintain a constant water supply pres- 
sure, the water is boosted up to a pressure of 40 Ibs. 
per sq. inch. The booster pump has a capacity of 
150 g.p.m., runs at 2,900 r.p.m., and is direct coupled 





Fic. 7.—ViEW OF PIT SHOWING DISCHARGE SHUTE 
FROM ROOM, VIBRATING SCREEN AND SAND PUMP. 


to a 7}-b.h.p. motor. This provides water for the 
high-pressure pumps, classifiers, water seal to sand 
pumps (see below), flush for helmet visor, sand sump 
and sand transfer tank, and inspection window flush 
in the room. 

The supply of water at 40 lbs. pressure to the high- 
pressure pumps is not necessary, and the water supply 
for the tank which feeds these pumps is taken from 
the booster as a matter of convenience. The high- 
pressure pumps, shown in Fig. 5, which provide water 
for the guns, have a capacity of 25 g.p.m., at a pres- 


sure of 1,250 lbs. They operate at a speed of 265 
p.m. The pressure can be regulated for any figure 
from 300 to 1,250 Ibs. per sq. in. 

The general operating principle of the plant is as 
described in the brochures sent out by the makers, 


and the Author is indebted to them for the accompany- 
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ing flow diagram (Fig. 6), which sets out the method 
adopted in the plant under consideration. It will be 
seen that the sand, afier being washed from the cast- 
ings, passes through the grating which forms the floor 
of the room, and down a sloping concrete incline 
underneath, and cascades over a vibrating screen. All 
over-size material, whether sand or metal, is retained 
on this screen, and discharged into a skip. The vibrat- 
ing screen (Fig. 7) operates on an eecentric shaft, run- 
ning at 1,430 r.p.m., and which is driven through a 
Tex-rope drive by a 2-h.p. motor. 


The sand and water which pass through the screen 
into a sump are pumped up into a series of classifiers 
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SECTION THROUGH REGULATING PLATE ( 


FIG, 8.—ARRANGEMENT OF SAND CLASSIFIER FOR 
HyYDRO-BLAST PLANT. 
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situated above the room. The sand pump is of. the 
centrifugal type, and is driven from a 15-h.p. 
motor through a variable Tex-rope drive, giv- 





Fic. 9.—CLASSIFIERS, CLASSIFIER TANK, BLAST 
SAND TANK, SAND TRANSFER TANK AND FLUME. 
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A special feature of the pump is the Hydroseal, clear 
water being introduced in the pump to protect the 
gland and suction seal from abrasive action, and also 
to prevent the recirculation of the sand back to the 
suction of the pump. The water supply is about 5 
per cent. of. the delivery capacity of the pump. The 
pressure of the sealing water is between 10 and 15 Ibs. 
per sq. in. greater than the pump discharge pressure. 
Rubber liners are fitted to give the necessary sealing 
effect. 


The pump is fitted with a pressure switch electrically 
connected to the starter of the motor. This switch 
automatically stops the pump motor, when sealing 
water pressure falls below that required to seal the 
pump safely. It also prevents the pump being started 
up unless sealing water is being fed to the pump. On 
each side of the pump are cocks, enabling sealing 
water to be examined periodically. If the sealing 
water appears gritty, the pump should be shut down 
for examination. Both suction and delivery pipes are 
constructed of specially heavy reinforced rubber. 


To take care of any exceptional overflow, there is 
an emergency pump fitted in the bottom of the pit 
below the screen. This pump cuts in automatically 
and prevents flooding, in the event of a failure of the 
sand pump, or clogging up of the screen. It is a 
centrifugal pump, operating at 1,400 r.p.m., and driven 
by a © p. motor. On this installation there are four 
classiixers (Fig. 8). These are fitted to the underneath 
of a tank at ihe top of which is fitted a spreader box. 
The spreader box breaks up the velocity of the mix- 
ture of sand and water before it enters into the classi- 
fier tank: This box receives the sand and water 
through a rubber delivery pipe from the sand pump, 
previously described. 


Each classifier, illustrated together with the blast- 
sand storage tank in Fig. 9, is of cast iron, and is 
supplied with three slotted disturber ring castings, 
suitably spaced in the depth of the classifier. At the 
bottom, a graded circular disc is fitted with varying 
size holes, the disc being drilled on its edge to allow 
one of the several holes to be brought over the outlet. 
The disc is fitted with a compression spring for seal- 
ing purposes. 

Each classifier is also provided with its own water 
supply at 40 lbs. per sq. in. pressure from a common 
feeder through a graduated valve. The classifier discs 




















ing ‘20 per cent. variation in speed. The cas- and water valves are arranged in this installation as 
ing impellor and suction sleeve are all made in a _ follows:— 
; a oe — _——— —— — —_ , —_ a oe 
Sand. in. Classifier No. 1. Classifier No. 2. Classifier No. 3. | Classifier No. 4. | Sand out. 
Inch. Inch. Inch. | Inch. | 
Disc opening ; a 1 $ | 3 | 
Water valve open of * tr Fy FY | 
| 





special alloy cast metal to withstand the abrasion of 
the sand and water. 





It is, of course, apparent that these settings will 
vary with the grain size of the sand to be reclaimed. 





AU 


The 
of tl 
the 


bottc 
veloc 
Valve 
minit 
tank, 
classi 
of w 
the s 


Mes! 








oS 


ae 








‘ts wee a FP wes oo 


er 


CS 
as 


vill 
ed. 





3 
: 
§ 
3 
: 


AUGU ST 9, 1945 


The mixture of sand and water falls down the inside 
of the classifier, and is broken up by passing through 
the three disturber rings, and, in falling, it is met 
by the 40-lb. water supply, which is fed in at the 
bottom of the classifier and directed upwards. The 
velocity of uprising water is controlled by the water 
valve setting and disc opening, and determines the 
minimum size of sand which falls into the blast sand 
tank, for use with the gun, or for reclamation. Each 
classifier consumes, on an average, 12 galls. per min. 
of water. Table I details a typical screen analysis of 
the sand coming from each individual classifier: 
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The fines are waterborne from the tank above 
the classifiers, and are carried by flumes to a spreader 
box arranged on top of the sludge tank. This 
spreader box and baffle plate fitted in the tank help 
to’ break up the velocity of the water, thus assisting 
in the “drop” of the fines. A louvre type baffle is 
also fitted to help further this “drop.” At the rear 
end of the tank are fitted weirs to allow the water 
to percolate over and pass along the weirs to the 
overflow trough, where it is led by pipe to the sand 
sump tank and the overflow to the drains. 

(To be continued.) 


TABLE I.—Screen Analysis of Sand from Each Classifier. 

















Classifier No. 1. Classifier No. 2. Classifier No. 3. Classifier No. 4. 

Mesh No. | Per cent. Cum. Per :cent. Cum. Per cent. Cum. Per cent. Cum. 
per cent. per cent. per cent. per cent. 

10 0.8 0.8 0.2 0.2 _— — — — 

16 2.8 3.6 0.6 0.8 0.4 0.4 _— — 

22 8.0 11.6 3.0 3.8 2.4 2.8 — on 
30 28.6 40.2 21.6 25.4 14.0 16.8 1.6 1.6 
44 37.0 77.2 39.8 65.2 33.6 50.4 17.6 19.2 
60 17.0 94.2 25.4 90.6 20.8 71.2 24.8 44.0 
100 5. 99.2 9.0 99.6 18.4 89.6 36.0 80.0 
150 0.4 99.6 0.4 100.0 7.2 96.8 16.8 96.8 

200 0.2 99.8 Trace — 1.6 98.4 a — 
Pan » 0.2 100.0 " — . 100.0 3.2 100..0 
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SECTION A-A SHOWING WEIRS 


10.—ARRANGEMENT OF LarRGE SAND DEWATERING TANK For HyDRO-BLAST PLANT. 
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CORRESPONDENCE 


[We accept no gp ypmeagy J for the statements made or the 
opinions expressed by our correspondents.) 


CUPOLA CONTROL : 
To the Editor of THe FouNnpRy TRADE JOURNAL. 


Sir,—In reply to the letter from Mr. Hallett, pub- 
lished in your issue of July 19, the first thing to be 
said that any challenge implied in the writer’s remarks 
was to foundrymen, to know the use, and the limita- 
tions, of equipment available. The regular measure- 
ment of air flow with an accuracy of 99 per cent., and 
with a sensitivity of within 4 per cent. is to be 
acclaimed as a most valuable step forward. The 
pertinent point is, however, what proportion of present 
installations can be guaranteed to operate consistently 
within such limits? The answer, prompted not by 
cynicism alone, is that the percentage is nearer 1 than 
99. What can be done with the best of instruments, 
ideally installed, is not necessarily the true reflection of 
average practice. . 

The reference to the pitot tube as a permanent 
installation can be heartily endorsed from experience. 
But what means of checking the efficiency of an 
installed flow-meter, of any type, can we use apart 
from the standard calibrated pitot tube? (Used by 
traversing the blast main in two directions at right 
angles to one another and to the direction of flow.) 

In discussing volume-pressure relationships it should 
be clearly defined whether we are referring to the 
fundamental gas law Pv=Rrt, where P is the absolute 
(atmospheric plus blast) pressure, or to the general 
expression V = k,/p relating velocity (hence volume 
in a given layout) to the differential pressure (whether 
by pitot tube, orifice plate or venturi). In many cases 
this differential pressure may be less than 1 in. w.g., 
measurement of which with extreme accuracy is not 
easy. Were figures of the order of 8 in. w.g. the rule, 
then the errors of measurement would be compara- 
tively negligible, and accuracies of 99 per cent. average 
practice, even under normal foundry conditions. 

In conclusion, the writer would like to convey his 
appreciation of Mr. Hallett’s obvious interest in the 
all-important problem of cupola-blast volume measure- 
ments. 

Yours, etc., 
C. A. Payne, B.Sc. 
124a, Radbourne Street, Derby. 
August 1, 1945. 


FRENCH FOUNDRY INDUSTRY’S RESEARCH 
FUND 


We are informed unofficially that the French 
foundry industry is adding 1 per cent. to the value 
of every invoice sent out for the purpose of supporting 
a research fund. Of the money received half is trans- 
mitted to the co-operative research association and 
half is retained for internal research investigations. 





THE GROSS HOURLY EARNINGS of grey-iron foundry 
workers in the United States have risen by about 61 
per cent. since March, 1939, and now average $1.122. 
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NEW CATALOGUE 


High-duty Bronzes. During a visit by our repre- 
sentative to Langley Alloys, Limited, Langley, Bucks, 
he was handed a copy of a brochure issued by the 
firm. Initially this book rightly stresses the facilities 
it possesses for quality control and industrial research 
by illustrating portions of the laboratories and some 
of the apparatus they contain. Perhaps this could 
usefully have been extended to review the steps taken 
within the works organisation to ensure the practical 
control, for it was evident to our representative that 
meticulous care is taken to ensure compositional 
accuracy and the desired mechanical properties 
(through casting temperature control and subsequent 
heat-treatment, coupled with an enlightened layout). 
The brochure has been built up on the loose-leaf 
principle, allowing data sheets to be changed as extra 
figures become available or new products added. 


It is obvious that the policy of the company has 
been to confine its attentions to a limited number of 
alloys and to get the best out of them. Thus it is 
revealed that the alloys handled are aluminium, man- 
ganese, special and tin bronzes, all available as cast- 
ings or wrought. Even this involves the handling of 
between 15 and 20 different mixtures. The system 
used in the brochure has been to name the alloy, 
give where applicable the standard specification 
equivalents (anything up to three!); detail the 
mechanical properties, and finally outline a few major 
characteristics. Most sections carry an_ illustrated 
page showing typical products. The brochure is well 
balanced, and is likely to appeal to the engineer- 
buyer. The metallurgical side is restrained, and no 
attempt has been made to blind the layman with 
science. 


CORNISH ENGINES’ PRESERVATION 
SOCIETY 


In 1935 a Committee was formed in Cornwall to 
raise a fund to purchase a Cornish winding engine 
which had worked for nearly 100 years on the edge 
of the cliffs at the celebrated Levant mine near Land’s 
End. An _ appeal for contributions, which was 
commended by the Institution of Mechanical Engineers 
and the Newcomen Society, was generously supported; 
the engine was purchased, placed in a state of preserva- 
tion, and a balance held in reserve to form the nucleus 
of a fund for the purchase of several much larger 
Cornish pumping engines, all dating from about the 
middle of the 19th century. The old Cornish Engines 
Preservation Committee has been expanded into a 
Society, with Viscount Falmouth as the president and 
Mr. Treve Holman, M.I.Mech.E., as chairman. 
Council has been appointed consisting of eight of 
the original founders, together with representatives of 
several societies and institutions. It. has now been 
decided to make an appeal for donations to enable 
the Society to acquire other engines. The honorary 
treasurer is Mr. B. R. W. Hill, Barclays Bank, Limited, 
Falmouth. 
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PROCESS* 


By A. G. ROBIETTE, M.Sc.} (Member) 


Plant and Operating Conditions 

As will be noted from a consideration of the gas- 
metal reactions in the Appendix, it is essential that 
the castings are treated in a relatively gas-tight 
enclosure so that products of combustion (other than 
the controlled atmosphere) cannot come into contact 
with the work so as to upset the gas-metal equilibria. 
in other words, the treatment must be carried out in 
a gas-tight muffle, or a sealed electric resistance furnace, 
or a radiant tube gas-fired furnace. A muffle furnace 
is limited in capacity, and any crack or porosity in 










Fic. 19.— HORIZONTAL 
BATCH-TYPE ELECTRIC 
FURNACE FOR ANNEALING 

MALLEABLE IRON, TAKING 

UP TO 4-TON CHARGE. 
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THE ANNEALING OF WHITEHEART 
MALLEABLE IRON BY A GASEOUS 


Development of a prac- 


tical and economical 
process on an industrial 
scale 


(Continued from page 285.) 


charging machine, the hearth of the furnace being 
grooved to take the charger arms. At the expense 
of a higher gas consumption, a bogie hearth furnace, 
the hearth of which cannot be so tightly sealed, may 
be used. Fig. 19 shows a furnace for the annealing 
of malleable of the horizontal batch type with charge 
of castings on the machine. The furnace is 18 ft. 
long by 4 ft. wide by 2 ft. high, and will take between 
2 and 4 tons of castings per charge, depending upon 
the packing density of the castings. Fig. 20 illustrates 
a typical bogie hearth furnace, and Fig. 21 shows the 
furnace in which most of the 
initial development work was 
carried out. It has a hearth area 
of 4 ft. by 2 ft. 

The castings are normally 
stacked on open trays of a grid- 
like construction so as to allow of 
gas circulation without “ pocket- 
ing,” and if there is a possibility 
of the castings toppling over, loose 
perforated removable sides are 
fitted. The castings may also be 
arranged in separate tiers to avoid 
too high a superimposed load. It 








the muffle would upset annealing conditions. The 
electric furnace and the radiant tube gas-fired furnace 
are, in the Author’s opinion, the only existing plant 
for carrying out this process on a large scale. The 
simplest type of plant is the horizontal batch-type 
furnace with a door at one end. This may be hand- 
charged if it is of relatively small capacity, but more 
usually it is charged with a forked arm or jib type 








me Paper presented at the 42nd annual meeting of the Institute of 
— Foundrymen, held in London, June 15 and 16, 1945. 

(f Consulting Metallurgist, H. A. Brassert & Company, Limited 
ormerly, Chief Metallurgist, Birlec, Limited). 


has been found that the door leak- 
age on horizontal batch-type fur- 
naces is such that unless a battery 
of them is operated on a parallel 
recirculation gas cirouit (with 
their cycles staggered), it is neces- 
sary to have an external gas- 
generating plant to produce suffi- 
cient make-up gas for the atmo- 
sphere. Furnaces are, however, 
being developed and, in fact, built 
at the moment which are com- 
pletely sealed to operate the pro- 
cess wherein no external - atmo- 
sphere plant is required. 

In all these furnaces, whether 
heated by gas or electricity, the 
temperature is preferably automatically controlled. 
The choice between gas and electricity is merely 
a question of the relative costs of both fuels 
in any particular locality, bearing in mind the higher 
maintenance cost on radiant tubes in the gas-fired 
furnace as compared with heating elements in the 
electric furnace. In both gas systems described, the 
composition of the atmosphere is preferably automatic- 
ally controlled, the gas withdrawn from the furnace 
being continuously analysed for carbon-dioxide by a 
CO, controller, which operates contacts controlling a 
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magnetically-operated valve or a blower which intro- 
duces the correct quantity of air to bring the CO, 
content up to the correct CO/CO, ratio. It is not 
necessary to adjust the H,/H,O ratio, as this is done 
automatically by the water gas reaction (see 
Appendix, equation (6) ). 

As to the actual cycle of operation, the castings 
are first of all loaded on to the trays, which are 
preferably of a high strength Ni-Cr-Fe alloy (the sides 
need only be made of mild steel, as they do not 
normally support any load). The furnace after with- 
drawal of a previous charge at, say, 680 deg. C. will 
not cool much below 600 deg. C 
charge is therefore loaded immediately into the furnace 
at this temperature, and the charging time is less than 
5 min. The furnace is automatically switched on 
as soon as loading is completed and the heating cycle 
commenced. If, for any reason such as maximum 
demand, the heating cycle is delayed, the starting up 
of the furnace can be done on a time switch. If 
recirculated burnt town’s gas or burnt producer gas 
is used, this is admitted to the furnace when the 
temperature has climbed to 750 deg. C. This avoids 
any possibility of explosive risk. 

The recirculation fans are switched on and the gas 
is continuously circulated with the admission of ‘air to, 
keep the required gas composition as already 
described. When the temperature attains 1,050 deg. C., 
the furnace switches itself off and on to maintain 








The prestacked . 


Fic, 20.—TypicaL BoGie HEARTH FURNACES FOR 
GENERAL ANNEALING OF CASTINGS. 
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this set temperature within approximately + 24 deg. C, 
The furnace can then put on to a time switch 
again, set so that it switches itself off after a pre- 
determined soaking period, say 24 hrs., and the re- 
circulation system is then arranged so that the gas 
passes over water cooling coils so as to accelerate the 
natural cooling of the furnace. If the type or pro- 
duction warrants it and the cycle is a regular one, a 
programme controller can be installed. A _predeter- 
mined heating, soaking and cooling cycle is drawn 
as a curve, and the instrument will control the furnace 
to this actual cycle. 

Alternative methods of cooling may be used, such 
as the provision of tubes in the furnace through which 
air is blown. When the temperature of the charge 
drops to below 700 deg. C., say 680 deg. C., the charge 
may be withdrawn by the charging machine or other 
means of mechanical loading. The only labour neces- 
sary, therefore, is for stacking and_ unloading 
the charge and for the short period necessary 
for charging and discharging. The plant re- 
quires occasional supervision to observe _ instru- 
ments and see that the controls are functioning. 
No automatic plant can be made absolutely foolproof, 
but it is designed to minimise supervision and to make 
this latter operation purely a routine function of the 
metallurgist or plant superintendent. 

As regards maintenance, this mainly takes the form 
of replacement of heating elements or radiant tubes 
and of the loading trays. These can be regarded as 
consumable stores, as they will have a definite life and 
will be a direct charge against 
annealing costs. In continuous 
operation, heating elements under 
these conditions normally have a 
life of upwards of 12 months, but 
radiant tubes probably somewhat 
less. Heat-resisting trays will 
have a life which will depend 
upon the type and density of 
loading, their design and, to some 
extent, on the type of furnace. 
These trays do not fail through 
oxidation, but through distortion 
and cracking which are brought 
about mainly by thermal stresses. 
In the next section, when the 
economies of the process are dis- 
cussed, the life is taken as being 
of the order of nine months. _ 

The output from any given 
plant depends upon (a) the operat- 
ing cycle, and (b) the packing 
density of the castings which 
governs the load which can be 
stacked in a given furnace. The 
operating cycle is dependent, as 
has been shown, upon the section 
of castings, the composition and 
the properties required in the re- 
sultant castings. For light cast- 
ings, which are fully decarburised, 
then it is possible to get up t0 
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five charges per 168-hr. week. For 
castings, the packing density normally goes up, 
giving a greater furnace load, so that, although 
the cycle is lengthened, the output is not neces- 
sarily reduced. In fact, it has been found that 
in certain specific instances the increase in load has 
approximately compensated for the increase in cycle. 
Fach job must be considered on its merits, but it is 
possible to say that a given furnace will produce, 
under average conditions, approximately a given output. 
To get optimum efficiency, castings should be segre- 
gated approximately according to section, but, if neces- 
sary, castings of different section can be put on the 
same hearth on separate trays, but in the same charge 
The lighter castings are removed, say, after 24 hrs. and 
the heavier castings are recharged (with some more 
light castings to fill the hearth) and are given a double 
cycle. 

To give an idea of the floor space taken up by this 
plant, a furnace and auxiliary equipment, including 
loading space, designed to produce 12 tons of annealed 
castings, occupies a total floor space of 2,300 sq. fit. 
This, it will be seen, is considerably less than that re- 
quired at present when storage space for fuel, ore, 
cans, etc., are taken into account. When two or 
more furnaces are installed, the saving of floor space 
is much greater in proportion. 


Economies of the Gaseous Process 


As has been stated, both gas and electricity can be 
used as the heating media. As the process involves a 
considerable soaking period compared with other heat- 
treatment processes, the furnaces are efficiently insu- 
lated to cut heat losses to a minimum. It ds for this 
reason that forced cooling is employed, since other- 
wise the rate of cooling in a well-lagged furnace would 
unduly prolong the cycle. Since the process is of a 
relatively short cycle and it eliminates iron ore and 
heavy cans, considerable overall economies can be 
realised, as compared with existing practice. 

Taking a cost for electricity of 0.6d. per unit, the 
following direct operating costs have been worked out 
for a furnace producing 12 tons per week of light cast- 
ings employing an overall cycle of 35 hrs. These costs 
are based upon results actually obtained in practice. 


Power for heating—960 kWh. at 0.6d. .. 
Power for auxiliaries—20 kWh. at 0.6d. .. 
Cooling water (recirculated) ‘ ss 5 
Maintenance—Furnace trays and _ elements 
(assuming 12 months’ life for elements and 
9 months’ life for trays) .. ne ‘a os 16 0 
Labour—One furnaceman at £5 10s. 0d. per week, 
one girl for stacking at £3 per week and super- 
vision (part time) at'£2 per week se ws 17 6 


43 3 


Labour costs can be reduced if the output is in- 
creased and more than one furnace installed. These 
costs, even including certain other sundry charges, are 
only a fraction of those obtained in current anneal- 


ing practice. To attain the degree of control, without 


Total direct costs per ton annealed 





heavier — 
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the use of highly skilled technicians, and to obtain 
optimum efficiency, the capital cost of the plant is 
high, but it can quickly be repaid out of the savings 





Fic. 21.—BaTcH ELECTRIC FURNACE TAKING UP TO 
5 CWTS. OF CASTINGS, WHICH WAS USED FOR 
INITIAL DEVELOPMENT WORK. 


realised in the process. In many cases investigated, 
the savings will pay for the whole capital outlay in 15 
to 18 months. As regards the cost with gas firing, 
it is estimated that the costs are roughly the same. if 
gas (450 B.Th.U.) is 2s. 6d. per thousand cub. ft. and 
electricity is 0.6d. This takes into account the differ- 
ence in maintenance costs. 
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Annealing of Whiteheart Malleable Iron 


APPENDIX 


Gas-METAL EQUILIBRIA IN GASEOUS MALLEABLE 
PROCESS 
In the gaseous process the annealing of whiteheart 
malleable iron is carried out in mixtures of some or 
all of the gases CO, CO,, H, and H,O, generally 





diluted with nitrogen. CO, and H,.O will oxidise iron. 


at almost any temperature. On the other hand, CO 
and H, will reduce the oxide formed under certain 
conditions. In other words, we have balanced chemi- 
cal reactions and the oxidising-reducing reactions in- 
volved are as follow: — 
Fe + CO, = FeO + CO............ (1) 
Fe + H,O = FeO + H, ............ (2) 
It is not only necessary to maintain reducing condi- 
tions, but also to decarburise, and CO,, H,O and H, 


will decarburise iron in accordance with the following 
reactions : — 


C (in Fe) + CO, = 2CO + (Fe)...... (3) 
C (in Fe) + H,O = H, + CO + (Fe) .. (4) 
C(in Fe)’+ 2H, = CH, + (Fe) ...... (5) 


Consider first of all reaction (1) in order to ascer- 
tain the conditions under which iron can be annealed 
in CO/CO, mixtures without oxidising the iron. In 
accordance with the Law of Mass Action, the product 
of the concentration of the reactants is equal to a 
constant k times the product of the resultants, i.e., 


pe [FeO] [CO] 
[Fe] [CO,] 
where [ ] represents the concentration which 
1100 
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Fic. 22.—Ratios oF CO/CO, anp H,/H,O 
EQUILIBRIUM WITH IRON AT VARIOUS TEM- 
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means the number of molecules per unit volume. 
For a gas this is represented by the partial pressure, 
since the partial pressure is proportional to the num- 
ber of molecules present in a given volume. For in- 
stance, if there is a mixture of 10 per cent. H., 90 
per cent. N, at atmospheric pressure, then the partial 
pressure of the H, is 0.1 atmospheres. 

The concentration of solids in a system such as this 
is for practical purposes constant, with the result that 
for equation (1) we can write the equilibrium condi- 
tions at a temperature f, as 

eae {CO} _ pCO 
a [CO.] ~~ pCO, 

In other words, the equilibrium constant at any tem- 
perature t gives the ratio of the percentages by volume 
of CO and CO,, which are in equilibrium with iron 
at that temperature. If the actual ratio in the gas mix- 
ture is greater than k:, then the gas is reducing. If it 
is smaller, it is conversely oxidising. Likewise, for 
reaction (2), there is a definite H,/H,O ratio for any 
given temperature which will neither cause oxidation 
nor reduction. The equilibrium constant k varies 
with temperature, and Fig. 22 shows the CO/CO, and 
H,/H,O ratios for different temperatures in the anneal- 
ing range. It will be noticed that a mixture which is 
oxidising at one temperature may be reducing at an- 
other temperature, and vice versa. 

It will be seen that the CO/CO, ratio at the usual 
malleablising temperature of 1,050 deg. C. (in the gase- 
ous process) is 2.7, which means in a pure CO/CO, 
mixture 73 per cent. CO and 27 per cent. CO,. Any 
increase in CO, content would oxidise the iron and 
conversely. Similarly, the H,/H,O ratio is 1.44.at 
1,050 deg. C., which means in a pure hydrogen/ water 
vapour atmosphere 59 per cent. H, and 41 per cent. 

,0. 

Turning to the decarburising reactions, these are 
complicated by the fact that the concentration of car- 
bon in iron must be introduced. This is represented 
by the mol fraction Nc. This takes into account the 
equilibrium with varying carbon contents. Some in- 
vestigators call this the “carbon vapour pressure.” 
In the case of malleable iron, it can be taken that 
during the initial stages of the anneal one is always 
dealing with austenite saturated at 1,050 deg. C. 

There is a further complication in that the volume 
of gas in the reactions (3), (4) and (5) changes during 
the reaction. In (3) and (4), there is an increase in 
volume and in reaction (5) a decrease. In accordance 
with the Law of Mass Action, when one molecule 
of one reactant combines with another molecule of 
another reactant to form two molecules of a resultant, 
we have written the equilibrium for equation (3). 


N, p*CO 


Nre pCO, 





k= 





The mol fractions Nc, Nreare constant for any given 
carbon content, so that for, say, saturated austenite the 
ratio of the square of the partial pressure of CO to 
the partial pressure of CO, is a constant. 

The ¢°CO/pCO, ratios for various carbon contents 
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have been plotted by Austin and Day”® and are repro- 
duced in Fig. 23. This curve does not extend to 1,050 
deg. C., but the equilibrium vaiue of k at 1,050 deg. 
C. is given by these investigators as 264. 

So that for a pure CO/CO, mixture at atmosphere, 
pressure, where 


pCO + pCO, = 1 atmosphere 
p*CO = 
pCO, 


By solving these simultaneous equations we get 
approximately : — 


CO = 0.99 atmospheres 
CO, = 0.01 atmospheres 

or CO = 99 per cent. by volume 
CO, = 1 percent. by volume 


In other words, it will be seen that any CO, con- 
tent over 1 per cent. will cause decarburisation. The 
mixture which is in equilibrium in accordance with 
reaction (1), namely, 27 per cent. CO, will, therefore, 
decarburise very rapidly. 

Likewise, considering reaction (4), we find that at 
equilibrium with saturated austenite we have at any 
temperature f, 


ts pH, x pCO 
i pH,O 


Here there are three variables, so that it is only pos- 
sible to predict the behaviour of any given mixture 
once a composition is selected. For instance, a gas 
containing initially 97.5 per cent. H, and 2.5 per cent. 
H,O would react to give 97.54 per cent. H., 1.44 per 
cent. CO, and 1.02 per cent. H,O. It will be noted 
that the content of H,O is very small in equilibrium, 
so that the content given by equation (2), namely, 41 
per cent, H,O, is well on the decarburising side. This 
content of H,O would never be used in practice, since 
during cooling it would cause excessive oxidation. 

The only reaction which has not been considered is 
that represented by equation (5), namely, the decar- 
burisation of iron by hydrogen alone. The equili- 
brium constant 


264 





which is 140 at 1,050 deg. C. 


a p*H, 
Pe pCH, 


at 1,050 deg. C. is 141 for saturated austenite, which 
means that in a hydrogen/methane mixture the decar- 
burising reaction ceases when the atmosphere contains 
0.7 per cent. methane. This indicates that the re- 
action can be of very little assistance for this process, 
except by using a considerable quantity of hydrogen 
to sweep the methane away. At lower temperatures 
much more methane can be accommodated; for in- 
Stance, at 800 deg. C. the equilibrium shows approxi- 
mately 5 per cent. of methane to be in equilibrium 
with 95 per cent. hydrogen. 

It would, of course, be impracticable to use pure 
CO/CO, or H,/H,O mixtures, but fuel gases, such 
as coal or coke-oven gas, producer gas, etc., can pro- 
duce, when burnt to partial combustion, all these gases, 
but they are considerably diluted with nitrogen from 
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the air required for combustion. Fig. 1 shows the 
composition of atmospheres produced from burning 
a typical coal gas with different air/gas ratios. 


TEMPERATURE °F 


1200 1400 1600 1800 2000 


G 
ott 


8 88 888 


CARBURIZING 


2 
K- co/Pco, 
nm wt O@O 


06 
O4 
o3 
Oz 





ol . 
600 700 800 900 1000-—s HOO 
TEMPERATURE C° 


Fic. 23.—EQUILIBRIUM CONSTANT FOR DECARBURISA- 
TION OF IRON, WITH CO/CO, MIXTURES AS FUNC- 
TION OF TEMPERATURE AND CARBON CONTENT. 


These curves are drawn for combustion products 
from which the water vapour is removed down to a 
figure of 2.5 per cent., and the balance of the com- 
position is nitrogen (neglecting the rare atmospheric 
gases). Taking the mixture produced by burning coal 
gas with 2.5 parts of air and condensing the water 
vapour down to 2.5 per cent., it will be seen that we 
have a gas containing 11 per cent. H,, 9 per cent. CO, 
6.2 per cent. CO,, 2.5 per cent. H,O, balance nitro- 
gen and CH,,. Let us consider whether this composition 
will decarburise malleable iron at 1,050 per cent. C. 
from the previous physico-chemical considerations. In 
the first place, what effect will the dilution with 69.6 per 
cent. N, have? Considering first the oxidising/reduc- 
ing reactions (1) and (2), it will be seen that there is no 


change in volume produced by this reaction. In other: 


words, they are unaffected by pressure. Dilution with 
nitrogen means reducing the partial pressure of the 
reacting gases, so that for these reactions it produces 
no effect upon the equilibrium. We can therefore 
work to the same ratios of CO:CO, and H,:H,O as 


% 
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were previously determined for the undiluted mixtures. 
Moreover, in a mixture of gases we can consider each 
system separately, but, first of all, we must consider 
the water gas reaction which will readjust these pro- 
portions of CO:CO,:H,:H,O in accordance with the 
well-known reaction :— 


CO + H,O =CO, + H,............ (6) 


In other words, if the relative proportions of the re- 
acting gases do not satisfy the requirements of the 
above reaction at any temperature, say 1,050 deg. C., 
then these gases will react to give the equilibrium pro- 
portions required by:— 


~~ pH, x pCO, ° ° 
k at 1,050 deg. C. = pH,O x pCO which is 0.527 
Considering the above composition, the following 
(giving partial pressures in ‘atmospheres and assuming 
the total pressure is 1 atmosphere) is obtained:— 


0.11 x 0.062 
0.025 x 0.09 


which means that the reaction must proceed a con- 
siderable way in the direction 

CO, + H, >CO +H,0 to satisfy the equilibrium. 
In other words, the CO, will be reduced and the H,O 
increased, and it can be easily shown that this gas 
will change its composition when heated to 1,050 deg. 
G. to approximately 8.0 per cent. H,, 4.0 per cent. CO., 
11.2 per cent. CO, 5.5 per cent. H,O, balance N,, so 
as to satisfy the equilibrium constant of 0.527. This 
water-gas reaction takes place readily in a furnace, 
especially in contact with iron, which catalyses the 
reaction and establishes equilibrium rapidly. Once the 
water-gas equilibrium is satisfied, then the CO/CO, 
and H,/H.O ratios can be considered separately. 

The CO/CO, ratio is now 2.8, which is above the 
equilibrium value of 2.7, so that the gas will be re- 
ducing as far as the reaction (1) is concerned. The 
H,/H,O ratio is 1.45 and the equilibrium ratio is 1.44, 
so that this gas mixture is also just reducing as far as 
equation (5) is concerned. 

This is not strictly correct, as it will be seen from 
Fig. 1 that this gas contains, before entering the fur- 
nace, 1.7 per cent. CH,, which will actually increase 
the H, and CO contents, as the methane will break 
up and form these constituents. It would mean in 
effect that the gas in the furnace will be slightly more 
reducing than shown above. For the sake of sim- 
plicity, this effect of methane is being omitted, as the 
purpose of this appendix is only to illustrate the prin- 
ciples of the application of chemical equilibria to the 

. gas-metal reactions involved. 

As regards the decarburising reactions, we must bring 
into account the effect of dilution, as it will be seen 
that there is a change in volume in all the reactions 
(3), (4) and (5), so that dilution, which affects a con- 
siderable reduction in partial pressures, will consider- 


= 3.03 
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ably affect the equilibrium values. As the decarburi- 
sation with CO, (reaction (3)) is probably the most 
important, we will consider the equilibrium with the 
above burnt-gas mixture. To see whether this gas is 
decarburising or not, the equilibrium at 1,050 deg. C. is 
_ pCO _ 
k= ~ ws 264 
In our case we have pCO = 0.112 atmospheres, 
pCO, = 0.04 atmospheres, 


p?CO 0.112? 

0, om ~ 7 
which means that the reaction has a long way to go 
in the direction 
° C (in Fe) + CO, + 2CO + (Fe) 
before decarburisation stops. 

x 
Likewise the product aa is 16.3, whereas 
va} 

for equilibrium it is 140, so that it is well on the de- 
carburising side. 

In conclusion, certain qualifications should be added, 
namely, that the reactions considered apply to cemen- 
tite and austenite, and the equilibria are altered some- 
what when graphite is present, as it is in malleable 
iron. Moreover, the austenite in this reaction is a 
pure iron-carbon solution, whereas in malleable iron 
it has principally manganese and silicon -in solution. 
Also, as decarburisation progresses and the austenite 
becomes unsaturated, then new values for k must be 
inserted in the decarburising reactions, but it will be 
found that these are all well on the right side. All 
these factors alter the actual equilibrium constants, but 
it has. been found in practice that the shift of the 
equilibria is very small and, provided there is a small 
margin to play with in gas composition, equilibrium 
data can be applied in practice. 


which gives 











CENTRIFUGAL BLASTING MACHINE 
IMPELLERS 


The June edition of the “Alloy Metals Review,” 
the house organ of High Speed Steel Alloys, Limited, 
Widnes, Lancashire, contains, as usual, a collection of 
abstracts of articles and patents, most of which involve 
the addition of special elements. One of interest to 
the‘ foundry industry is for an alloy suitable for use 
in centrifugal blasting machine impellers. We quote 
this in full:—‘ Blades, having a hardness as cast 
greater than 55 on the Rockwell ‘C’ scale, are formed 
of alloys containing Fe, together with Cr about 7-30, 
C about 2.5-4.5, Si about 0.1-1.25, Mn about 0.25-2.5, 
Mo an effective amount up to about 7 and N an effec- 
tive amount up to about 1 per cent. of the Cr con- 
tent. Small proportions of Ti, W, Cb or V also may 


be added. 

The introduction of controlled quantities of nitro- 
gen seems to us to introduce a new feature in metal- 
lurgy and the revealing of the secret would be rather 
fascinating. U.S. Patent No. 2,355,726 has been issued 
to the Pangborm Corporation for this alloy. 
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The High-Quality 
Iron for High-Duty 
Castings. 


Made in seven standard 
grades or to individual 
requirements, this iron 
has a close grain structure 
and fine graphitic carbon 
content. It replaces 
y)) Hematite, and tones up 
high phosphorus irons. 


We ‘also make Dale 
Refined Malleable Iron to 


any required specification. 
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STEEL RESEARCH APPOINTMENTS 


The British Iron and Steel Research Association are 
proceeding with the sélection of staff for permanent 
appointments, and applications are invited for the 
following : — 

A superintending metallurgist with headquarters in 
London. 

A principal or senior scientific officer for refrac- 
tories, moulding sands, slags, etc. (preferably a physi- 
cal chemist). 

A senior or principal scientific officer for instru- 
ments and automatic control in all fields of the iron 
and steel industry (preferably a physicist). 

Other posts of a more junior category for chemists, 
physicists, engineers and metallurgists. 

The salaries offered are as follow:— 

Superintendent: £1,250 per annum upwards. 

Principal Scientific Officers: £840 to £1,200 per 
annum. 


Senior Scientific Officers: £600 to £800 per annum.’ 


Scientific Officers: £300 to £500 per annum. 

There is an additional scale for officers and assis- 
tants whose qualifications are below those required for 
a scientific officer, and all technical appointments are 
pensionable in accordance with the F.S.S.U. scheme. 

Additional posts will be announced later and appli- 
cations, which should be addressed to the secretary of 
the British Iron and Steel Research Association, Steel 
House, Tothill Street, London, S.W.1, will be con- 
segs irrespective of the date when the applicant may 
be free. 





ENGINEERING INDUSTRY’S DIFFICULTIES 


Warning.of the serious problems facing engineering 
was given by Lord Davidson, president of the Engineer- 
ing Industries Association, at the annual luncheon and 
meeting in London. The Government, he suspected, 
was not ready for peace in Europe. Essential indus- 
tries could not recruit or even retain their workers, 
and this at a time when men and women were sitting 
in factories with not enough to do. Members of the 
association could not get started on civilian produc- 
tion because of controls. 

Contraci settlements, Lord Davidson continued, were 
tardy and restrictive; unless there was improvement 
soon some engineering firms were not going to be 
able to pay wages. Government departments were 
two or three years behind with their cost investiga- 
tions. Another obstacle was that, while export orders 
were flooding in, industrialists could not get going 
because of uncertainties about basic production re- 
quired for the home market. about exvort restrictions 
or about foreign markets. Plans for new premises and 
new plant could not be put into operation because 
firms had no idea when funds would be available from 
E.P.T. credits and war damage claims or what condi- 
tions would be attached to these payments. 





Dr. W. T. GrirritHs has been appointed chairman 
of the Mond Nickel Company, Limited, 
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JOINT IRON COUNCIL CONVENTION 
CONSIDERATION OF FIVE-YEAR PLAN 


The first convention of firms affiliated to the Joint 
Iron Council, through membership of a constituent 
association of the Council of lronfoundry Associa- 
tions and the Council of Iron Producers, will be heid 
at the Dorchester Hotel, Park Lane, London, W.1, on 
September 28, at 2.15 p.m. The meeting will be 
preceded by a luncheon at 1 p.m. Firms affiliated to 
the Council will be invited to appoint one representa- 
tive to attend the convention on their behalf. The 
business will include discussion on the framing of a 
report, which the Government have asked the Council 
to submit to them on a five-year plan to put the 
industry on an efficient operating basis. 

Applications for the luncheon ticket (price 15s., 
exclusive of wines, etc.) should be sent to the Secre- 
tary of the Council, 2, Caxton Street, Westminster, 
London, S.W.1, not later than September 14. Owing 
to the fact that London hotels are very congested at 
the present time, arrangements have been made with 
Thos. Cook & Son, Limited, to make reservations, and 
representatives of firms who intend to stop in London 
overnight are advised to let Messrs. Cook (Post Order 
Dept.), Berkeley Street, London, W.1, know their 
requirements without delay. 


UNITED STEEL CAPITAL 

At a meeting of the stockholders of the United Steel 
Companies, Limited, recently, resolutions  increas- 
ing the capital to £16,000,000 and authorising the issue 
of £1,500,000 44 per cent. cumulative preference shares 
were duly passed. The chairman announced that the 
directors proposed to issue the £1,500,000 preference 
shares before the middle of August, and to offer them 
to stockholders at par pro rata to their holdings, and 
that £1,000,000 ““A” stock of John Summers & Sons, 
Limited, had been purchased at par in exercise of the 
option held by the company. 





FOSTERING INDUSTRIAL RESEARCH 


At a recent meeting of the Grand Council of the 
Federation of British Industries, under the chairman- 
ship of Sir Clive Baillieu, it was decided to convene 
in London a two-day conference on the subject of 
“Industry and Research.” Special emphasis will be 
laid at the conference—to be called in the late autumn 
or early spring——on the practical means by which re- 
search can assist industry and promote industrial effi- 
ciency, exports, full employment and a higher stan- 
dard of living 





FIVE-YEAR PLAN FOR STEEL 
Rumours current in certain quarters to the effect that 
there has been a postponement of the scheme for the 
modernisation of the iron and steel industry are 
Officially denied by the British Iron and Steel Federa- 
tion, 




















